Abstract. The paper studies the mono-pulse lidar method capabilities for sounding the reflection coefficient of the earth surface. The mathematical modelling shows that the mono-pulse lidar method allows us to reconstruct spatial distribution of the reflection coefficient under measurement noise in a good-sized angular coverage of lidar. The most efficient for reconstruction of the reflection coefficients based on the measurement data (in terms of both the minimum errors and the computation time) are the hybrid particle swarm algorithm and simulated annealing and the ant colony algorithm. The mono-pulse lidar monitoring method using the hybrid particle swarm algorithm and simulated annealing and the ant colony algorithm allows (with an error of estimating expansion coefficients from units of per cent to 10 -40% under measurement noise of 3%) adequate reconstruction of spatial distribution of the reflection coefficient on the earth surface under conditions of strongly and nonlinearly changeable reflection coefficient.
Introduction
Currently, one of the most rapid ways to monitor the earth surface is the use of space-or airborne sounding equipment.
Laser remote sensing systems are useful for a lot of tasks in the optical spectral band. In airborne laser systems an appropriate coverage is usually provided by angular scanning of the laser beam in the plane perpendicular to the flight direction.
The simpler equipment (without angular scanning) can be implemented using a mono-static oblique mono-pulse sounding system. In this case, special processing of the laser echo signal reflected from the sounded earth surface provides the appropriate coverage.
The paper conducts a capability analysis of the mono-pulse lidar method for sounding the earth surface (to monitor the health of forests plantations, oil pollution, etc.) using a diversity of data processing algorithms.
Problem description
A diagram of the mono-static oblique sounding is shown in Fig.1 (optical axes of lidar source and receiver are aligned in one X0Z plane perpendicular to the aircraft flight direction). Fig.1 . A diagram of the mono-static oblique sounding An airborne lidar irradiates the earth surface at an angle to the normal (for simplicity, we assume that, further, a laser beam divergence angle and a field-of-view angle of the receiving optical system are equal).
We believe that the earth surface is averagely flat and locally Lambert's. Then, the formula for time realisation of the lidar signal (recorded in the diagram of the mono-static oblique sounding in Fig. 1 ) after a series of mathematical transformations can be represented, using the results of, as follows: The paper uses mathematical modeling to conduct a capability analysis of the mono-pulse lidar method for earth surface monitoring, using a variety of algorithms to find quasi-solutions under measurement noise and grossly changeable reflection coefficient of the earth surface.
Finding Quasi-solutions to the Problem of Mono-pulse Lidar Earth Surface Monitoring
Let's represent For quasi-solution search and comparative analysis of search algorithms efficiency, the paper deals with the exhaustive algorithm; the genetic algorithm; the particle swarm algorithm; the hybrid particle swarm algorithm and simulated annealing; the ant colony algorithm; the modified ant colony algorithm with shake; the hybrid continuous interacting ant colony algorithm; the bees swarm algorithm.
Algorithms stopped working when the specific number of iterations has been performed, and the best current solution reached necessary truth.
Mathematical modelling has been conducted to study capabilities of the mono-pulse lidar method to monitor the earth surface.
Mathematical modelling of the mono-pulse lidar method to monitor the earth surface Figures 2а и 2b show examples of specified and reconstructed spatial distributions of the reflection coefficient of the earth surface. Solid lines indicate the specified (model-based) spatial distributions of the reflection coefficient (Fig.  2а: Tables 1 and 2 show the relative errors of reconstruction of the expansion coefficients in per cents for a variety of finding quasi-solution algorithms, including exhaustive search ( 3 10  sample search for each parameter) with the measurement noise of 3 %. Tables 1 and 2 also present the computation time (computation time, certainly, depends on the processor characteristics, but the values in these tables show a relationship between the computation amounts for different algorithms of finding quasi-solutions). Table 1 presents the errors of reconstruction of the expansion coefficients 0 1 2 , , a a a for the spatial distribution shown in Fig. 2а , and Table 2 does the same for the spatial distribution in Fig. 2b . Description field in these Tables is as follows: 1 -exhaustive algorithm; 2 -genetic algorithm; 3 -particle swarm algorithm; 4 -hybrid particle swarm algorithm and simulated annealing; 5 -ant colony algorithm; 6 -modified ant colony algorithm with shake; 7 -hybrid continuous interacting ant colony algorithm. The mathematical modelling outcomes given in Tables 1, 2 and in Fig.2 show that the mono-pulse lidar method allows us to reconstruct spatial distribution of the reflection coefficient under measurement noise in a good-sized angular coverage of lidar.
Thus, the most efficient for reconstruction of the reflection coefficients based on the measurement data (in terms of both the minimum errors and the computation time) are the hybrid particle swarm algorithm and simulated annealing and the ant colony algorithm.
Conclusion
The paper studies the mono-pulse lidar method capabilities for sounding the reflection coefficient of the earth surface.
The mathematical modelling shows that the mono-pulse lidar method allows us to reconstruct spatial distribution of the reflection coefficient under measurement noise in a good-sized angular coverage of lidar. The most efficient for reconstruction of the reflection coefficients based on the measurement data (in terms of both the minimum errors and the computation time) are the hybrid particle swarm algorithm and simulated annealing and the ant colony algorithm.
The mono-pulse lidar monitoring method using the hybrid particle swarm algorithm and simulated annealing and ant colony algorithm allows (with an error of estimating expansion coefficients from units of per cent to 10 -40% under measurement noise of 3%) adequate reconstruction of spatial distribution of the reflection coefficient on the earth surface under conditions of strongly and nonlinearly changeable reflection coefficient.
